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STORAGE SYSTEM AND METHOD OF CONTROLLING THE SAME 



CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2003-093118, filed March 31, 2003, the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of 
configuring pairs each consisting of logical devices to be 
controlled by two or more storage control apparatus, a 
system for processing I/O instructions issued by the 
storage control apparatus to the pair of logical devices 
and a storage system for implementing the I/O-processing 
system. 

Description of the Related Art 

In the case of a logical-device pair in a control 
domain extended over those of a plurality of storage 
control apparatus, an attempt may be made to allow accesses 
to be made to individual logical devices of the pair. In 
such a case, a host apparatus needs to issue a command to 



make a transition to a state known as a split state. This 
command causes each of the logical devices composing the 
pair to transit to a state in which the access history of 
one of the logical devices is managed separately from the 
management of the access history of the other logical 
device. A technology concerning such a remote copy is 
described for example in Japanese Patent Laid-open No. Hei 
10-333838. 

In this case, I/O instructions issued by the host 
apparatus to the individual logical devices are received 
and processed by the respective storage control apparatus 
of the logical devices. Since the I/O instructions issued 
by the host apparatus to the individual logical devices are 
processed by the respective storage control apparatus of 
the logical devices, differences in data between the 
logical devices of the pair are caused. These differences 
in data are caused by changes resulting from execution of 
the I/O instruction. The resulting changes in data are 
stored in difference-information storage means, which are 
provided in the storage control apparatus respectively. In 
order to restore the logical devices, which have been 
controlled independently of each other so far, back to the 
original synchronous condition of the logical-device pair, 
the host apparatus issues a Resync command. When a Resync 
command is issued, data of the auxiliary logical device is 
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made identical with data of the primary logical device by 
copying the data of the primary logical device to the 
auxiliary logical device. Typically, the primary logical 
device is the pair's logical device of an operation system. 
On the other hand, the auxiliary logical device, which is 
the pair' other logical device, is typically a volume 
having a data image of the logical device of the operation 
system at a point of time. 

In this case, however, some data may not be updated 
by I/O instructions for updating data received during the 
split state. If some data is not updated, for the data not 
updated, the amount of data to be copied and the length of 
the copy operation time can be reduced by merely merging 
the changes in data, which have been stored in difference- 
information storage means, and copying only the result of 
the merging operation. Assume for example that the process 
is carried out in execution of a Resync command to copy 
changes in data under control executed by the primary 
logical device. In this case, a transfer command is issued 
to the auxiliary logical device to transfer the auxiliary 
logical device's data changes stored in the auxiliary 
logical device to the primary logical device to be merged 
with the data changes of the primary logical device in 
order to determine data to be copied as changes in data. 



SUMMARY OF THE INVENTION 
In accordance with the prior art described above, an 
interface for exchanging changes in data between the 
primary logical device and the auxiliary primary logical 
device is an indispensable interface between the primary 
logical device and the auxiliary primary logical device. 
In the present state of the art, a technology developed 
originally by each storage manufacturer is adopted as a 
technique for managing change in data. Thus, the remote- 
copy primary and auxiliary storage control apparatus, which 
are capable of reducing the magnitudes of data changes to 
be copied in execution of a Resync command and the length 
of a copy operation time of the command, are each required 
to be a storage product made by the same manufacturer. 

In a hetero environment where storage control 
apparatus made by different manufacturers exist, however, 
the freedom to design a storage control apparatus is 
obstructed substantially. 

It is thus a first object of the present invention 
to provide a capability of executing a Resync command at a 
high speed even if there is a difference in management of 
data changes between the primary and auxiliary control 
apparatus in a remote copy operation. In addition, it is 
also another object of the present invention to provide a 
capability of executing a Resync command at a high speed 
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even if changes in data are to be exchanged between logical 
devices controlled by storage control apparatus having no 
function to manage changes in data in the auxiliary control 
apparatus . 

Moreover, in accordance with the prior art, updated 
information in the primary logical device and updated 
information in the auxiliary logical device are managed 
through management of changes in data in their respective 
control apparatus. Thus, a read instruction issued by the 
host apparatus in a pair-split state is executed by 
carrying out no operations except an operation to read out 
data from the logical device specified in the read 
instruction. This is because, in a case where data to be 
read out by the read instruction is updated data, it is 
necessary to read out the updated data. 

It is thus a second object of the present invention 
to provide a storage control apparatus capable of carrying 
out distributed processing in execution of a read 
instruction issued by a host apparatus so as to read out 
data from the primary and auxiliary logical devices. 

A storage control apparatus provided by the present 
invention to achieve the first object described above can 
be implemented by connecting an auxiliary logical device to 
a primary logical device to build a remote copy system 
comprising: a means for allowing the primary logical device 



to receive an I/O instruction issued by a host apparatus to 
the auxiliary logical device; a means for allowing an I/O 
instruction issued by a host apparatus to the auxiliary 
logical to be executed from the primary logical device; a 
means for handling updated I/O locations of data of each 
logical device, which composes a pair of logical devices, 
in a pair-split state as difference information and for 
recording the difference information; a means for carrying 
out a difference copy operation to copy recorded difference 
information in a pair Resync process; and a means for 
determining a logical device, from which data is to be read 
out in execution of a read instruction issued by the host 
apparatus, on the basis of statistical information on I/O 
operations carried out on the logical devices and the 
difference information of the pair of logical devices. 

To put it concretely, there is provided a 
configuration in which difference information on the 
primary side and the difference information on the 
auxiliary side for a pair of logical devices controlled by 
storage control apparatus are stored in the primary storage 
control apparatus. By utilizing these pieces of difference 
information, it is possible to grasp matching portions of 
data of the primary and auxiliary logical devices. It is 
thus possible to form a judgment as to whether or not a 
read instruction issued by the host apparatus to the 
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auxiliary logical device can be executed by reading out 
data from the primary logical device. By the same token, 
it is also possible to form a judgment as to whether or not 
a read instruction issued by the host apparatus to the 
primary logical device can be executed by reading out data 
from the auxiliary logical device. 

Other features and other objects of the present 
invention will become apparent from a study of this 
specification with reference to appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to completely understand the present 
invention and its merits, it is necessary to study the 
following description by referring to appended drawings 
described briefly as follows: 

Fig. 1 is a block diagram showing the configuration 
of a system according to the present invention; 

Fig. 2 is a diagram showing information on storage 
control apparatus each implemented by an embodiment of the 
present invention ; 

Fig. 3 is a diagram showing device control 
information used in a storage control apparatus explained 
as an embodiment of the present invention; 

Fig. 4 is a diagram showing message tables each 
displaying I/O requests and responses to the requests in 
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the storage control apparatus explained as the embodiment 
of the present invention ; 

Fig. 5 is a diagram showing difference information 
used in the storage control apparatus explained as the 
embodiment of the present invention; 

Fig. 6 is a diagram showing statistical information 
used in the storage control apparatus explained as the 
embodiment of the present invention; 

Fig. 7 shows a flowchart representing an I/O 
request transmission process in the storage control 
apparatus explained as then embodiment of the present 
invention; 

Fig. 8 shows a flowchart representing an I/O request 
reception process carried out in accordance with the 
embodiment of the present invention; 

Fig. 9 shows a flowchart representing a process to 
form a judgment on difference bits and set the difference 
bits in accordance with the embodiment of the present 
invention; 

Fig. 10 shows a flowchart representing a process to 
copy difference information in accordance with the 
embodiment of the present invention; 

Fig. 11 shows a flowchart representing a process to 
determine a primary/auxiliary logical device in accordance 
with the embodiment of the present invention; 
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Fig. 12 shows a flowchart representing a process to 
form a judgment on loads of primary and auxiliary logical 
devices in accordance with an embodiment of the present 
invention; 

Fig. 13 is a block diagram showing a configuration 
including a second storage control apparatus connected to a 
connection outlet of a disc drive in accordance with 
another embodiment of the present invention; 

Fig. 14 is a diagram showing an embodiment of 
information on the storage control apparatus included in 
the configuration shown in Fig. 13; and 

Fig. 15 is a block diagram showing a configuration 
including a further storage control apparatus connected to 
a disc connection port in accordance with a further 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE 

) 

INVENTION 

At least, the following matters will become apparent 
from a study of this specification with reference to the 
accompanying diagrams. Fig. 1 is a block diagram showing 
the configuration of a system implemented by an embodiment. 
A first storage control apparatus 2 is connected to an 
information-processing apparatus used as a host apparatus 1 
for issuing instructions to the first storage control 
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apparatus 2. The host computer 1 is also referred to 
hereafter simply as a host computer. In accordance with a 
data output or input request received from the host 
computer, the first storage control apparatus 2 controls a 
first storage device 3 in order to write data into the 
first storage device 3 or read out data from the first 
storage device 3 respectively. The first storage control 
apparatus 2 is also connected to a second storage control 
apparatus 4 through an initiator I/O-processing unit 8. 

The first storage control apparatus 2 includes a 
cache memory 10 for temporarily storing data, which is to 
be written into the first storage device 3 or has been data 
read out from the first storage device 3 in accordance with 
respectively a write or read instruction received from the 
host apparatus 1 . 

This cache memory 10 is also used for temporarily 
storing data to be written into a second storage device 5a 
or a third storage device 5b by way of the initiator I/O- 
processing unit 8. The second storage device 5a and the 
third storage device 5b are connected to the second storage 
control apparatus 4. In addition, the cache memory 10 is 
also used for temporarily storing data read out from the 
second storage device 5a or the third storage device 5b by 
way of the initiator I/O-processing unit 8. 

The first storage control apparatus 2 also includes 
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a target-command-processing unit 6 and an initiator I/O- 
processing unit 7 in addition to the initiator I/O- 
processing unit 8. The target -command-processing unit 6 is 
a component for processing I/O commands received from the 
host apparatus 1. The initiator 1/0-processing unit 7 is a 
component for processing I/O instructions issued to the 
first storage device 3. By the same token, the initiator 
1/0-processing unit 8 is a component for processing I/O 
instructions issued to the second storage device 5a or the 
third storage device 5b, which is controlled by the second 
storage control apparatus 4 . 

In addition, the first storage control apparatus 2 
also includes a shared memory 9 placed between the target - 
command-processing unit 6 and the initiator i/O-processing 
unit 7 as well as the initiator 1/0-processing unit 8. The 
shared memory 9 allows information stored therein to be 
shared and exchanged. The shared memory 9 is also used for 
storing control -apparatus information 11 for managing 
addresses provided to the second storage control apparatus 
4 connected to the initiator 1/0-processing unit 8. By 
using this control -apparatus information 11, the first 
storage control apparatus 2 is capable of identifying an 
address used for the second storage control apparatus 4 . 
By referencing this information, the first storage control 
apparatus 2 is capable of determining which address in the 
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first storage device 3 is accessed by an instruction issued 
by the host apparatus 1 to a logical volume. The shared 
memory 9 is also used for storing device information 12 
associating each logical device with a storage device, a 
storage control device and a pair of logical devices. 

On the other hand, the device information 12 is 
management information indicating which logical volumes 
form a pair of logical devices. By referencing this 
information, the first storage control apparatus 2 is 
capable of forming a judgment as to whether or not a 
logical volume specified in an I/O write request made by 
the host apparatus 1 forms a pair of logical devices with 
another logical volume. If a logical volume specified in 
an I/O write request issued by the host apparatus 1 forms a 
pair of logical devices with another logical volume, data 
written into the logical volume specified in an I/O write 
request is also written into the other logical volume as 
well . 

To put it in detail, these pieces of information 
indicate whether logical devices each serving as a target 
of a write request made by the host apparatus 1 are devices 
existing in the same case as the first storage control 
apparatus 2 or devices controlled by a storage control 
apparatus accommodated in another case outside the first 
storage control apparatus 2 as is the case with the second 
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storage control apparatus 4 . 

In addition, the shared memory 9 is also used for 
storing difference information 13 indicating the location 
of a difference in data between logical devices forming a 
pair in case such a difference exists as a result of 
updating data stored in the logical devices. A difference 
in data between logical devices forming a pair is referred 
to hereafter as a difference in data between pair logical 
devices . 

Furthermore, the shared memory 9 is also used for 
storing I/O information 14 and statistical information 15. 
The I/O information 14 is information used for 
communicating a request for a process to be carried out on 
a logical device from the target-command-processing unit 6 
to the initiator I/O-processing unit 7 or 8 and for 
communicating a result of such a process from the initiator 
I/O-processing unit 7 or 8 to the target -command-processing 
unit 6. On the other hand, the statistical information 15 
is information indicating the number of I/O requests 
processed on each logical device. The statistical 
information 15 is used for the purposes of optimizing an 
assignment of logical devices to physical volumes (also 
referred to as storage devices) and optimizing operations 
to output I/O instructions or balancing I/O operations. 

The second storage control apparatus 4 has a means 
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for processing I/O instructions issued by the initiator 
I/O-processing unit 8 employed in the first storage control 
apparatus 2 to a logical device 17 assigned to the second 
storage device 5a and a logical device 19 assigned to the 
third storage device 5b. The second storage control 
apparatus 4 has the same specific configuration as the 
first storage control apparatus 2. 

Fig. 2 is a diagram showing the control -apparatus 
information 11 used by the storage control apparatus to 
manage assignment of logical devices to storage devices. 
The control -apparatus information 11 is information for 
identifying and managing a storage control apparatus 
connected to an initiator I/O-processing unit. As shown in 
Fig. 2, the control -apparatus information 11 has the format 
of a table. 

A storage-control -apparatus number 101 is an 
identifier for identifying a storage control apparatus 
connected to the initiator I/O-processing unit 8 in the 
first storage control apparatus. A case location 102 is 
data indicating whether the storage control apparatus 
identified by the storage -control -apparatus number 101 
exists in the same case as the first storage control 
apparatus 2 or in another case connected to the first 
storage control apparatus 2 by the initiator I/O-processing • 
unit 8 employed in the first storage control apparatus 2. 
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For each storage control apparatus, the table also 
includes an initiator control unit number 103 indicating an 
initiator I/O-processing unit in a case where the storage 
control apparatus is connected to the first storage control 
apparatus 2 by the initiator l/O-processing unit. For each 
storage control apparatus, the table further has a node 
name 104 for uniquely identifying the storage control 
apparatus and a storage control apparatus address 105 to be 
used in issuance of an I/O request made by the initiator 
I/O-processing unit associated with the storage control 
apparatus . 

As described earlier, the control-apparatus 
information 11 is stored in the shared memory 9 and 
referred to find the address of a storage control apparatus 
controlling a logical device used as a target of a 
requested I/O operation or to establish a connection with 
the storage control apparatus . 

Next, the device information 12 is explained by 
referring to Fig. 3. The device information 12 is a matrix 
with each row thereof corresponding to a logical -device 
number 201 used by the host apparatus to recognize a 
logical device as an I/O unit. That is to say, each row 
shows the following information on the logical device. A 
storage-control-apparatus number 202 is the number of a 
storage control apparatus controlling a storage device 
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implementing the logical device. The storage-control- 
apparatus number 202 is the same as the storage-control- 
apparatus number 101 managed by the control apparatus 
information table shown in Fig. 2. In the control 
apparatus information table shown in Fig. 2, the storage- 
control -apparatus number 101 is the row number. A storage- 
device number 203 is the number assigned to a storage 
device controlled by the storage control apparatus 
identified by the storage-control-apparatus number 202. 

A pair state 204 is information indicating whether 
or not the logical device is a remote -copy pair device. A 
pair state described as v Split' indicates that another 
logical device forms a pair of logical devices in 
conjunction with this logical device. This * Split' pair 
state also indicates that this pair of logical devices is 
at the present time receiving a request for a write or read 
operation independently of each other, and a difference 
obtained as a result of the write operation is managed by 
executing management of differences. On the other hand, a 
pair state described as 'Simplex' indicates that there is 
no other logical device, which forms a pair of logical 
devices in conjunction with this logical device. 

A pair number 205 is an identifier for identifying 
the logical-device pair of this logical device. An 
attribute 206 is information indicating whether this 
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logical device is the primary logical device of the 
logical-device pair or the auxiliary logical device of the 
logical-device pair. A pair logical device number 207 is 
the number of a logical device serving as the partner of 
this logical device in the formation of the logical -device 
pair. A copy pointer 208 is a pointer pointing to an 
initial copy progress position in the course of creation of 
the pair. A copy pointer 208 is a pointer pointing to an 
initial copy progress position in the course of creation of 
the pair. 

The device information 12 is used to find a target 
physical (storage) device for implementing a logical device 
accessed by a request for an I/O access. To put it 
concretely, the device information 12 is used to find the 
storage-device number 203 or the storage-control -apparatus 
number 202 representing information on a physical location 
to which the request for an I/O access is issued. The 
request for an I/O access is a request for an operation to 
read out data from the physical location or a request for 
an operation to write data into the physical location. In 
addition, the pair state 204 is used for forming a judgment 
as to whether or not data in both the primary and auxiliary 
logical devices forming the pair of logical devices needs 
to be updated in a double-write operation in execution of a 
data update I/O instruction. If the outcome of the 
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judgment indicates that such a double-write operation is 
necessary, the pair logical- device number 207 is used for 
finding out a physical ( storage) device implementing a 
logical device used as the J>air partner from the device 
information 12 . r 

Next, a table for the I/O information 14 is 
explained by referring to Fig. 4. The target -command- 
processing unit 6 receives a request for an access to data 
stored in a logical device from the host apparatus. When 
the need for a transfer of data between the cache memory 10 
and the first storage device 3 or the second storage 
control apparatus 4 arises, requests for I/O operations, 
which are to be issued through the initiator I/O-processing 
unit 7 or 8 respectively, are cataloged on a request queue 
denoted by reference numerals 301 to 307. A request-queue 
pointer table 301 includes an IN pointer 302 pointing to a 
location (or an entry) in the pointer queue. At this 
location, a newly made request for an access will be 
cataloged on the request queue. The request-queue pointer 
table 301 also includes an OUT pointer 303 pointing to a 
location in the request queue. From this location, an 
access request already cataloged on the request queue is to 
be fetched. In order to form a judgment as to whether or 
not the initiator I/O-processing unit 7 or the initiator 
I/O-processing unit 8 has passed on all the requests to the 
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first storage device 3 or the second storage control 
apparatus 4 respectively, the IN pointer 302 and the OUT 
pointer 3 03 are examined to find out whether or not there 
is a difference between them. The main body of the request 
queue is a table consisting of a plurality of rows each 
used for storing information on a cataloged request. Each 
of the rows comprises a request-queue entry number 304, a 
command 305, a command object block number 306 and a 
command-processing block length 307. The request-queue 
entry number 3 04 is the number of a location at which a 
request is cataloged on the request queue. The IN pointer 
302 or the OUT pointer 303 specifies a value of the 
request-queue entry number 304. A response queue denoted 
by reference numerals 308 to 313 is used for keeping 
results of processing carried out in response to requests 
cataloged on the request queue. A response -queue pointer 
table 308 includes an IN pointer 309 pointing to a location 
in the response queue. At this location, a newly produced 
processing result will be cataloged on the response queue. 
The response -queue pointer table 308 also includes an OUT 
pointer 310 pointing to a location in the response queue. 
From this location, a processing result already cataloged 
on the response queue is to be fetched. The main body of 
the result queue is a table consisting of a plurality of 
rows each used for storing information on a cataloged 
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result. Each of the rows comprises a result-queue entry 
number 311, a processing result 312 and detailed 
information 313. The result-queue entry number 311 is the 
number of a location at which a processing result is 
cataloged on the request queue. The IN pointer 3 09 or the 
OUT pointer 310 specifies a value of the result-queue entry 
number 311. The detailed information 313 describes details 
of the processing result 312, if such details are available. 

In other words, the 1/O-message table of the I/O 
information 14 consists of a request queue for cataloging 
access requests transferred from the target -command- 
processing unit 6 to a physical device (or a storage 
device) by way of the initiator 1/0-processing unit 7 or 8 
and a result queue for cataloging processing results 
received from the physical device through the initiator 
1/O-processing unit 7 or 8 . A request for an access is 
cataloged on the request queue if the requested access is 
determined to be an access requiring that an I/O operation 
be executed against a physical device (or a storage device) , 
which is allocated to a logical device specified in the 
request for the access. Processing results cataloged on 
the result queue are each a response to an access request 
cataloged on the request queue. Thus, the I/O-message 
table of the I/O information 14 is a means useful for data 
transfers with not only the first storage device 3, but 
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also with the second storage control apparatus 4 when such 
transfers are required. 

Next, the difference information 13 is explained by 
referring to Fig. 5. When the target-command-processing 
unit 6 receives a request for an operation to update data 
stored in a logical device from the host apparatus 1, the 
target-command-processing unit 6 searches the device 
information 12, which is an information matrix, for a pair 
state 204 associated with a logical-device number specified 
in the request. If the pair state 204 associated with a 
logical -device number specified in the request is the 
character string A Split', the requested operation updates 
only the data in a specific one of the logical devices 
composing the logical -device pair. Thus, the updated data 
stored in the specific logical device is different from the 
other logical device. That is to say, there will be 
resulted in a difference between the primary and auxiliary 
logical devices due to the operation to update the data. 
In this case, a difference bit's position corresponding to 
the location of a data discrepancy is found from the 
updated position and length, and this difference bit is set 
at 1. A difference bit has the following values. A 
difference bit set at 0 indicates that no data discrepancy 
exists at a location corresponding to the position of the 
difference bit. On the other hand, a difference bit set 
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at 1 indicates that a data discrepancy exists at a location 
corresponding to the position of the difference bit. Thus, 
when a Resync command is issued to a pair of logical 
devices, it is necessary to copy only some data from the 
primary logical device to the auxiliary logical device. 
The only data needs to be copied is data at locations 
corresponding to positions of difference bits of the 
difference information 13 provided for the logical -device 
pair, which each have a value of 1. 

Next, a table of the statistical information 15 is 
explained by referring to Fig. 6. When the host apparatus 
1 issues a request for an access to data stored in a 
predetermined logical device, at this request, the target- 
command-processing unit 6 issues a request for an I/O 
operation to the first storage device 3, the second storage 
device 5a or the third storage device 5b by way of the 
initiator I/O-processing unit 7 or 8 by cataloging the 
request in the table of the I/O information 14. At that 
time, in the table of the statistical information 15, an 
access-l/O counter 402 provided for the logical device 
being accessed is updated. If the requested I/O operation 
is a read operation, a: read-l/O counter 403 is also updated. 
If the requested I/O operation is a write operation, on the 
other hand, a write-I/O counter 404 is also updated. Thus, 
from the table of the statistical information 15, it is 



23 



possible to grasp the number of times the host apparatus 1 
has requested that an I/O operation be carried out on a 
logical device. 

By referring to Figs. 7 and 8, the following 
description explains details of the present invention's 
technique of using these pieces of control information. 
Figs. 7 and 8 show flowcharts used for explaining a process 
to transfer an I/O request issued by the host apparatus 1 
to the second storage device 5a or 5b, which is controlled 
by the second storage control apparatus 4, by way of the 
first storage control apparatus 2 and a process carried out 
by the first storage control apparatus 2 to pass on the I/O 
request as an I/O command to the second storage control 
apparatus 4 . 

To be more specific, Fig. 7 shows a flowchart 
representing a process carried out by the target- command - 
processing unit 6 employed in the first storage control 
apparatus 2 connected to the host apparatus 1. The target- 
command-processing unit 6 forms a judgment as to whether a 
received I/O request can be processed in its own case or 
must be passed on to the other storage control apparatus 4 
by way of the initiator 1/O-processing unit 8. 

At step 1002, the target-command-processing unit 6 
searches the device information 12 for a storage-control- 
apparatus number 202 associated with a logical-device 
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number 201 specified in the I/O request issued by the host 
apparatus 1. To put it concretely, the target -command- 
processing unit 6 reads out a storage-control -apparatus 
number 202 associated with the specified logical-device 
number 201 from the table shown in Fig. 3. 

Then, at the next step 10 03, the target -command- 
processing unit 6 searches the control -apparatus 
information 11 shown in Fig. 2 for a case location 102 
associated with the storage-control-apparatus number 202 
and obtains the case location 102 as information for 
forming the judgment as to whether or not the logical 
device identified by the logical-device number 201 is a 
logical device implemented by a storage device controlled 
by the first storage control apparatus 2 itself. 

Subsequently, the flow of the process goes on to 
step 10 04 to form the judgment as to whether or not the I/O 
request received from the host apparatus 1 can be processed 
within the case of the first storage control apparatus 2 
itself. If the outcome of the judgment indicates that the 
I/O request received from the host apparatus 1 is a request 
that can be processed within the case of the first storage 
control apparatus 2 itself, execution of an ordinary target 
I/O operation in its own case is determined to be possible. 
In this case, the flow of the process goes on to step 1011. 
The statement saying that execution of an ordinary target 
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I/O operation in the case of the first storage control 
apparatus 2 itself is possible means that there is a 
logical device, which serves as a target of an I/O command 
(the I/O request) received from the host apparatus 1 such 
as a request for a read or write operation and is 
controlled by the first storage control apparatus 2 
receiving the I/O command. 

If the outcome of the judgment indicates that the 
I/O request received from the host apparatus 1 is a request 
that cannot be processed within the case of the first 
storage control apparatus 2 itself or a request that must 
be processed in another case, that is, if the logical 
device serving as a target of the I/O request is a logical 
device implemented by a storage device controlled by 
another storage control apparatus, on the other hand, the 
flow of the process goes on to step 1005 at which 
information is acquired from the I/O message table of the 
I/O information 14 shown in Fig. 4. Then, at the next step 
1006, the acquired information is examined to form a 
judgment as to whether or not an available slot exists on 
the request queue of the I/O message table. If no 
available slot exists on the request queue, the flow of the 
process goes on to step 1012 at which an error message is 
returned to urge a retry. If an available slot exists on 
the request queue, on the other hand, the flow of the 
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process goes on to step 1007 at which the I/O request 
received from the host apparatus 1 is cataloged on the 
available slot of the request queue as a command 305, a 
command object block number 3 06 and a command-processing 
block length 307, being given a request-queue entry number 
304 specified by the IN pointer 302 included in the 
request-queue pointer table 301. Then, at the next step 
1008, the IN pointer 302 included in the request-queue 
pointer table 301 is incremented to indicate that the I/O 
request has been cataloged on the request queue. 
Subsequently, at the next step 1009, the caller of the 
routine represented by this flowchart is informed that the 
I/O request has been cataloged on the request queue. 

By the way, in accordance with the flowchart 
described above by referring to Fig. 7, the target- command - 
processing unit 6 employed in the first storage control 
apparatus 2 receiving an I/O command from the host 
apparatus 1 forms a judgment as to whether or not a logical 
device serving as an access target of the I/O command is a 
logical device implemented by a storage device controlled 
by the first storage control apparatus 2 itself. If the 
logical device serving as an slccgss target of the I/O 
command is a logical device implemented by a storage device 
controlled by the first storage control apparatus 2 itself, 
the first storage control apparatus 2 itself carries out an 
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I/O process on the logical device implemented by a storage 
device controlled by the first storage control apparatus 2. 
Otherwise, the number of a case containing the other 
storage control apparatus is identified, and the other 
storage control apparatus is requested to carry out the I/O 
process. To put it in detail with reference to Fig. 1, if 
the I/O command received from the host apparatus 1 is a 
command issued to a logical device 18 formed on the first 
storage device 3 controlled by the first storage control 
apparatus 2 itself, the target-command-processing unit 6 
and the initiator I/O-processing unit 7 carry out an I/O 
operation on the logical device 18 on the basis of various 
kinds of information stored in the shared memory 9. If the 
I/O command received from the host apparatus 1 is a command 
issued to a logical device 17 formed on the second storage 
device 5a or a logical device 19 formed on the third 
storage device 5b, on the other hand, the target -command- 
processing unit 6 passes on the I/O command to the second 
storage control apparatus 4 by way of the initiator I/O- 
processing unit 8. 

Receiving the I/O command passed on by the target- 
command-processing unit 6, the second storage control 
apparatus 4 forms a judgment as to whether or not a logical 
device serving as an access target of the I/O command is a 
device implemented by a storage device controlled by the 
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second storage control apparatus 4 itself. The judgment is 
formed in the same way as the procedure represented by the 
flowchart shown in Fig. 7. If the I/O command received 
from the target-command-processing unit 6 is a command 
issued to the logical device 17 formed on the second 
storage device 5a, for example, the second storage control 
apparatus 4 itself carries out an I/O process on the 
logical device 17. 

In this case, the first storage control apparatus 2 
and the second storage control apparatus 4 do not have to 
be apparatus of the same type or apparatus having the same 
performance. This is because the second storage control 
apparatus 4 merely receives an I/O command passed on by the 
first storage control apparatus 2 and processes the command 
in the same way as if the I/O command were issued directly 
by the host apparatus 1. 

On the other hand, the I/O command is passed on by 
the first storage control apparatus 2 by way of the 
initiator i/O-processing unit 8 not necessarily as it is. 
Instead, it is also possible to provide a configuration in 
which the target-command-processing unit 6 or the initiator 
I/O-processing unit 8 employed in the first storage control 
apparatus 2 carries out some conversion work on the I/O 
command prior to the forwarding of the command to the 
second storage control apparatus 4 . 



If the I/O command issued by the host apparatus 1 is 
a command that cannot be processed by the second storage 
control apparatus 4 itself, the first storage control 
apparatus 2 must interpret the command to issue a new 
equivalent I/O command that can be processed by the second 
storage control apparatus 4 . 

The configuration allowing a command to be converted 
prior to relaying is suitable for a case in which storage 
control apparatus having performances different from each 
other are used. For example, the configuration is suitable 
for a case in which the user utilizing the second storage 
device 5a and the third storage device 5b, which are 
controlled by the second storage control apparatus 4, 
through the second storage control apparatus 4 makes an 
attempt to newly introduce a storage control apparatus with 
new functions to serve as the first storage control 
apparatus 2 . 

Even if a first storage control apparatus 2 with new 
and convenient I/O commands is introduced, the I/O commands 
are invalid for data stored in the second storage device 5a 
and the third storage device 5b used so far by the user 
unless the present invention is applied. This is because 
the second storage control apparatus 4 is a conventional 
apparatus. In order to apply the new I/O commands to the 
data stored in the second storage device 5a and the third 



storage device 5b, it is necessary to transfer the data 
stored in the second storage device 5a and the third 
storage device 5b to the first storage device 3 now 
controlled by the newly introduced first storage control 
apparatus 2. When the data is transferred, however, the 
second storage control apparatus 4, the second storage 
device 5a and the third storage device 5b, which have been 
used so far, will become wasted apparatus. 

In order to solve the problem described above, in 
accordance with the present invention, the new first 
storage control apparatus 2 interprets a high-level command 
received from the host apparatus 1 and carries out a 
command- equivalence conversion process to convert the high- 
level command into a command that can be processed by the 
second storage control apparatus 4. In addition, the first 
storage control apparatus 2 refers to the control -apparatus 
information 11 stored in the shared memory 9 employed in 
the first storage control apparatus 2 in order to enable 
accesses to logical devices of the second storage control 
apparatus 4, which is an existing storage control apparatus 
In this way, it is possible to effectively utilize data 
resources used so far and existing hardware resources such 
as the second storage control apparatus 4, the second 
storage device 5a and the third storage device 5b. 

By the way, in order to make the explanation simple, 
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as an adapter connected to a host apparatus, only one 
target-command-processing unit 6 is employed in the storage 
system shown in Fig. 1 as a unit for processing commands 
received from the host apparatus. For an ordinary storage 
control apparatus, however, it is generally possible to 
provide a plurality of adapters each connected to a host 
apparatus and used to process commands received from the 
host apparatus. 

In addition, in order to improve the entire storage 
system's extendibility and scalability, the system is 
devised so as to make it possible to install as many 
adapters as possible. Such an adapter connected to a host 
apparatus is also referred to as a director unit or a 
channel adapter. 

In accordance with the present invention, in 
connecting the second storage control apparatus 4 to the 
first storage control apparatus 2, such a target -command- 
processing unit 6 is not used. Instead, the initiator I/O- 
processing unit 8 is employed to serve as an adapter for 
connecting storage devices. In the first embodiment, the 
second storage control apparatus 4 is connected to an 
adapter port for connecting the first storage control 
apparatus 2 to storage devices. Thus, for connecting the 
second storage control apparatus 4, it is not necessary to 
use a connection unit such as the target-command-processing 



unit 6, which is a unit for connecting the first storage 
control apparatus 2 to a host computer. That is to say, 
there is no inconvenience caused by the fact that the 
adapter for connection with the host apparatus is occupied 
in passing on commands to another storage control apparatus. 

As described above, at step 1004, an I/O request 
received from the host apparatus 1 is examined to form a 
judgment as to whether or not a logical device specified in 
the request as a target of the request is a logical device 
controlled by the case of the first storage control 
apparatus 2 itself. If step 1004 also includes a judgment 
as to whether or not the processing of the I/O command 
cannot be carried out in the case of the first storage 
control apparatus 2 itself but must be carried out in 
another case, commands issued by the host apparatus can be 
classified into categories for making a rigid distinction 
between storage control apparatus capable and incapable of 
carrying out the processing. 

Fig. 8 shows a flowchart representing a procedure 
executed by the initiator I/O-processing unit 8 to detect 
an I/O request issued by the host apparatus 1 and cataloged 
on the request queue at step 1007 of the flowchart shown in 
Fig. 7 and pass on the request to the second storage 
control apparatus 4 . 

To put it concretely by referring to Fig. 1, Fig. 7 
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shows a flowchart representing a procedure for forming a 
judgment as to whether an I/O request received from the 
host apparatus 1 is a command to be processed by the case 
of the first storage control apparatus 2 itself or a 
command to be passed on by way of the initiator I/O- 
processing unit 8 to the second storage control apparatus 4 
for processing the command. On the other hand, Fig. 8 
shows a flowchart representing a procedure executed by the 
initiator I/O-processing unit 8 to process an I/O command, 
which has been issued by the host apparatus 1 and is to be 
passed on to the second storage control apparatus 4 . 

When the initiator I/O-processing unit 8 receives a 
command from the target -command-processing unit 6, it 
behaves like a host computer and passes on the command to 
the second storage control apparatus 4 . 

At step 2002, the initiator I/O-processing unit 8 
checks the request queue for cataloging I/O requests passed 
on to logical devices implemented by storage devices 
controlled by the second storage control apparatus 4 
connected to the initiator I/O-processing unit 8. At the 
next step 2003, the initiator I/O-processing unit 8 forms a 
judgment as to whether or not an I/O request for such a 
logical device has been cataloged on the request queue. To 
be more specific, the initiator I/O-processing unit 8 forms 
a judgment as to whether or not an I/O request for such a 
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logical device implemented by a storage device controlled 
by the second storage control apparatus 4 connected to the 
initiator I/O-processing unit 8 has been cataloged on the 
request queue by referring to the request queue of the I/O 
information 14 shown in Fig. 4. 

To put it concretely, the initiator I/O-processing 
unit 8 compares the IN pointer 3 02 with the OUT pointer 3 03 
in the I/O message table provided for the logical device as 
shown in Fig. 4. If the IN pointer 302 is found equal to 
the OUT pointer 3 03, the initiator I/O-processing unit 8 
determines that there is no I/O request cataloged on the 
request queue as evidenced by the fact that the IN pointer 
3 02 has not been incremented yet. In this case, the flow 
of the procedure goes on to step 2011. If the outcome of 
the judgment formed at step 2003 indicates that the IN 
pointer 3 02 is not equal to the OUT pointer 3 03, on the 
other hand, an I/O request is determined to have been 
cataloged on the request queue. In this case, the flow of 
the procedure goes on to step 2004 at which a command 305, 
a command object block number 3 06 and a command-processing 
block length 307 are acquired from the request's entry 
corresponding to a request -queue entry number 3 04 pointed 
to by the OUT pointer 303. 

Then, at the next step 2005, the initiator I/O- 
processing unit 8 searches the device information 12 for a 



storage control number 202 and a storage-device number 203, 
which are associated with a logical-device number 201 
assigned to a logical device serving as a target of the I/O 
request. Subsequently, at the next step 2006, the 
initiator I/O-processing unit 8 searches the control- 
apparatus information 11 for the storage control 
apparatus's address. Then, at the next step 2007, the 
initiator I/O-processing unit 8 issues an I/O command to 
the second storage control apparatus 4. Subsequently, at 
the next step 2008, the OUT pointer 303 is incremented to 
indicate that the I/O command has been removed from the 
request queue. Then, at the next step 2009, a return value 
is set, indicating that the I/O command has been read out 
from the request queue and transmitted to the other storage 
control apparatus 4 . 

Receiving the I/O command, the second storage 
control apparatus 4 carries out processing for the I/O 
command in the same way as a command received from a host 
apparatus . 

Before issuing the I/O command to a target storage 
control apparatus at step 2007, the initiator I/O- 
processing unit 8 may interpret the command to recognize 
processing for the command, and convert the command into a 
command, the processing of which can be processed by the 
performance of the target storage control apparatus. In 
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this way, it is possible to connect the first storage 
control apparatus 2 to a storage control apparatus to serve 
as a second storage control apparatus having a performance 
and a function, which are different from those of the first 
storage control apparatus 2 . 

The next description explains a difference-setting 
process for limiting data to be copied at a pair-resync 
time to only differences in data between the primary 
logical device and an auxiliary primary device, which form 
a pair of logical devices. A pair of logical devices 
comprises at least 2 logical devices. For the sake of 
convenience, in the description of this specification, one 
of the logical devices of a logical-device pair is a 
primary logical device and the other logical device is an 
auxiliary logical device. Between the logical devices of a 
logical-device pair, there are states described as follows: 

A first state is a duplex state in which data stored 
in the auxiliary logical device is updated synchronously 
with the primary logical device to create the same data 
image as the primary logical device . 

A second state is the aforementioned split state in 
which the duplex state described above does not prevail so 
that accesses to the logical devices can be made to write 
data into the devices individually and read out data from 
the devices also individually. In the split state, areas 



with the data thereof updated are managed by using the 
difference information shown in Fig. 5. The difference 
information indicates which areas has data thereof updated. 

When a transition is made from the split state, 
which is the second state, to the original duplex state, by 
referencing the difference information, data is restored so 
that the primary logical volume (device) and the auxiliary 
logical volume have the same data image. This process to 
restore data is referred to as a resync process. As 
explained earlier by referring to Fig. 1 showing the 
configuration of the present invention, Fig. 7 and Fig. 8, 
the target -command-processing unit 6 employed in the first 
storage control apparatus 2 receives I/O commands issued by 
the host apparatus 1 to the logical devices implemented on 
the second storage device 5a and the third storage device 
5b, which are controlled by the second storage control 
apparatus 4 . 

Fig. 9 shows a flowchart representing a process to 
set difference bits of the difference information 13 when 
the target -command-processing unit 6 receives an I/O 
command for updating data. There is neither a need to 
execute steps 3001 to 3007 separately for the primary and 
auxiliary logical devices nor a need to provide separate 
pieces of difference information shown in Fig. 5 for the 
primary and auxiliary logical devices. Thus, the 
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management of the difference information is management 
executed for both the primary and auxiliary logical devices. 

By the way, traditionally, for logical devices 
forming a pair controlled by physically different storage 
control apparatus, each of the storage control apparatus 
manages their own difference information. In the case of 
primary and auxiliary logical devices provided by the 
present invention, however, as indicated by the flowchart 
shown in Fig. 8, the first storage control apparatus 2 
receives and interprets I/O requests issued by the host 
apparatus 1 to the logical devices implemented on the 
second storage device 5a and the third storage device 5b, 
which are controlled by the second storage control 
apparatus 4, as well as carries out processing to pass on 
the requests. Thus, it is not necessary to manage 
difference information indicating data discrepancies 
between the primary and auxiliary logical devices by using 
the second storage control apparatus 4. That is to say, it 
is not necessary to provide difference information for each 
of the storage control apparatus 2 and 4, and only the 
first storage control apparatus 2 can be used for 
controlling the data discrepancies. To put it in detail, 
since the second storage control apparatus 4 does not 
receive an I/O request directly from the host apparatus 1, 
but receives a request from the host apparatus 1 through 



the first storage control apparatus 2, the first storage 
control apparatus 2 is capable of executing integrated 
management of updating states for both the logical devices 
forming a pair. In addition, it is also possible to adopt 
a method of managing data discrepancies separately for the 
logical devices. In this case, however, when data stored 
in the auxiliary logical device is restored to create the 
same data image as the primary logical device at the end of 
a split state, data discrepancies stored in the primary 
logical device need to be merged with data discrepancies 
stored in the auxiliary logical device. For this reason, 
there is provided a: configuration in which data 
discrepancies are managed not for each individual logical 
device but for each pair of logical devices from the 
beginning. In this way, the procedure for merging data 
discrepancies is not required. 

The following description explains more merits of 
the integrated management of difference information stored 
in the first storage control apparatus 2. 

Reference numeral 3 001 shown in Fig. 9 denotes the 
procedure of a difference- setting judgment described in the 
following. First of all, at step 3002, a pair state is 
acquired from the device information 12 shown in Fig. 3. 
If the pair state is not a split state, that is, if the 
pair state is a duplex state, the flow of the procedure 
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goes on to step 3007 at which the execution of the 
procedure is ended. This is because it is not necessary to 
acquire the difference information. If the pair state is a 
split state, on the other hand, the flow of the procedure 
goes on to step 3004 at which a difference-bit position is 
found from an updated-block number. Then, at the next step 
3005, a difference-bit count is found from an updated-block 
length. 

Subsequently, at the next step 3 006, some bits in 
the difference -management table shown in Fig. 5 are set at 
1. The bits set at 1 are selected on the basis of 
information found at the steps 3004 and 3005. 

Fig. 10 shows a flowchart representing a pair-resync 
process. As described earlier, information on 
discrepancies in data between the primary and auxiliary 
logical devices is managed in an integrated manner by using 
the difference information 13 stored in the first storage 
control apparatus 2. Processing to read in difference 
information from the second storage control apparatus 4 is 
not required in the pair-resync process represented by the 
flowchart shown in Fig. 10. 

In the flowchart shown in Fig. 10 to represent the 
process of a judgment on copying of discrepancies, the 
difference-bit table is referenced. At step 4002, the 
difference-bit position is set at 0 and, at the next step 



4003, the process to reference difference bits is started 
at the difference-bit position of 0 . If a difference bit 
is 1, the primary logical device's data corresponding to 
this difference bit is copied to the auxiliary logical 
device at step 4005. Then, at the next step 4006, the 
difference-bit position is incremented. Subsequently, at 
the next step 4 007, a judgment is formed to determine 
whether to repeat or end the process. If the process is to 
be repeated, the above steps are executed repeatedly till 
the last difference-bit position is reached. 

Figs. 11 and 12 show flowcharts representing 
processes to determine whether data is to be read out from 
the primary or auxiliary logical device when a request to 
read out data from a pair of logical devices is received 
from the host apparatus 1. 

As described earlier, an I/O command issued by the 
host apparatus 1 to the logical device 17 or 19 implemented 
on a storage device controlled by the second storage 
control apparatus 4 accommodated in a case separated from 
the case of the first storage control apparatus 2 is 
executed through the first storage control apparatus 2. 
Thus, the first storage control apparatus 2 is also capable 
of managing difference information for a logical device 
implemented on a storage device controlled by the second 
storage control apparatus 4 . 



For the above reason, this present invention 
provides a method of reading out data from a logical device 
with a better efficiency in executing a read instruction 
issued by the host apparatus 1. The method is adopted not 
only for the duplex state of the logical device forming a 
pair, but also for the split state. To put it in detail, 
by referencing difference information managed for each pair 
of logical devices, a difference bit corresponding to the 
data to be read out can be examined. The data can then be 
read out from any of the logical devices provided that the 
difference bit corresponding to the data has not been set 
at 1. In this case, an I/O load to be borne by the storage 
devices can be distributed evenly among the storage devices. 
To put it concretely, an I/O load to be borne by logical 
devices implemented on physically different storage devices 
as is the case with the logical devices 17 and 19 shown in 
Fig. 1 can be distributed evenly among the logical devices 
so that it is possible to prevent a load borne by a 
particular storage device from excessively increasing and 
prevent the performance responding to requests made by the 
host apparatus 1 from deteriorating. 

By referring to the flowchart shown in Fig. 11, the 
following description explains the method provided by the 
present invention to determine a device, from which data is 
to be read out, in detail. At step 5002, an initial state 
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is set right after a read request is received. In the 
following description, an input logical device is defined 
as a logical device indicated by a logical-device number in 
a read request from the host apparatus 1 as a target of the 
read request. A processing logical device is a logical 
device from which data is actually read out. In an initial 
state, the logical -device number of an input logical device 
is the same as the logical-device number of a processing 
logical device. 

Then, at the next step 5003, the pair formation 
state of the input logical device is acquired. 
Subsequently, at the next step 5004, the pair formation 
state is examined in order to determine whether the state 
is a split state, a duplex state or another state. The 
other state is a simplex state in which no pair is formed. 
If the pair formation state is found to be the simplex 
state, which is neither the split state nor the duplex 
state, the process is ended. This is because, in the 
simplex state, no pair is formed in the first place so that 
data cannot be read out from another logical device. In 
this case, the initial value is sustained as it is to 
indicate that the logical-device number of an input logical 
device is the same as the logical -device number of a 
processing logical device. The fact that processing a 
logical device associated with the logical-device number of 
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a processing logical device means that data is read out 
from a logical device specified in the read request from 
the host apparatus 1 as the target of the read request. 

If the input logical device is in the split or 
duplex state, on the other hand, the flow of the process 
goes on to step 50 05 at which the I/O load borne by the 
input logical device is compared with the I/O load borne by 
the other logical device in the same pair as the input 
logical device. The comparison of the I/O loads at step 
5005 is described in detail by referring to the flowchart 
shown in Fig. 12 below. 

Fig. 12 shows a flowchart showing an embodiment for 
forming a judgment as to whether this I/O load from the 
host apparatus 1 is to be imposed on the logical-device 
pair's primary logical device or auxiliary logical device. 
First of all, at step 6002, an I/O counter of the input 
logical device is acquired. Then, at the next step 6 0 03, 
the logical-device number assigned to another logical 
device forming the pair of logical devices in conjunction 
with the input logical device is acquired. Subsequently, 
at the next step 6004, an I/O counter of the other logical 
device indicated by the acquired logical -device number is 
obtained . 

Then, at the next step 6005, the I/O counter of the 
input logical device is compared with the I/O counter of 
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the other logical device forming the pair of logical 
devices in conjunction with the input logical device. If 
the I/O counter of the input logical device is found larger 
than the I/O counter of the other logical device forming 
the pair of logical devices in conjunction with the input 
logical device, the logical -device number assigned to the 
other logical device is acquired to be used as a return 
value. If the I/O counter of the input logical device is 
not larger than the I/O counter of the other logical device 
forming the pair of logical devices in conjunction with the 
input logical device, on the other hand, the logical-device 
number assigned to the input logical device is acquired to 
be used as a return value. By executing this series of 
steps, it is possible to obtain the logical-device number 
assigned to a logical device with a smaller I/O counter. 

As the return value is received as a result of the 
processing represented by the flowchart shown in Fig. 12, 
the flow of the process represented by the flowchart shown 
in Fig. 11 goes on to a step 5006 at which the number of 
the processing logical device is set at a logical -device 
number, which is the return value of the processing 
represented by the flowchart shown in Fig. 12. 

Then, at the next step 5007, the position of a first 
difference bit is obtained from the number of the read 
block. Subsequently, at the next step 5008, the number of 



difference bits is found from the length of the read block. 
Then, the difference-bit table for the area is referenced 
at the next step 5009. Subsequently, at the next step 5010, 
the difference bits of the table are examined. If all the 
difference bits are 0, data can be read out from any of the 
logical devices forming the logical-device pair. In this 
case, it is appropriate to read out data from the logical 
device referred to as the aforementioned processing logical 
device that has a smaller I/O counter and is indicated by 
the logical-device number acquired at the step 5005. That 
is to say, the logical -device number acquired at the step 
5005 is used as the logical -device number of the processing 
logical device, which has a smaller I/O counter. 

If any of the difference bits examined at the step 
5010 are not 0, on the other hand, the logical-device 
number assigned to the processing logical device is reset 
to the logical -device number of the input logical device. 
That is to say, data is to be read out from the input 
logical device. This is because there are area-data 
discrepancies between the primary and auxiliary logical 
devices, from one of which data is to be read out. In 
consequence, the processing logical device, from which data 
is to be read out, cannot be changed from the input logical 
device specified in the I/O request to the other logical 
device forming the pair of logical devices in conjunction 
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with the input logical device. 

It is possible to make appropriate changes to the 
procedure for determining a logical device, from which data 
is to be read out, as represented by the flowcharts shown 
in Figs. 11 and 12. For example, the pieces of processing 
to form a judgment on the state of difference bits at steps 
5007 to 5010 of the flowchart shown in Fig. 11 may be 
carried out prior to step 5005 to compare I/O loads. With 
a procedure implementing such a change, if all the 
difference bits are 1, data must by all means be read out 
from the input logical device. It is thus unnecessary to 
compare I/O loads. 

In other words, in accordance with the present 
invention, the first storage control apparatus 2 manages 
the difference information of a logical device controlled 
by another storage control apparatus in an integrated 
manner. Thus, the first storage control apparatus 2 is 
capable of examining data's location specified in a read 
request in order to form a judgment as to whether or not 
the requested data stored in the primary logical device 
matches the data at the same location in the auxiliary 
logical device. As a result, the target-command-processing 
unit 6 is capable of selecting the primary or auxiliary 
logical device as a read target. 

As described above, this embodiment implements a 



typical configuration in which the values of I/O counters 
are used for selecting a processing logical device. Note, 
however, that if a time-load balance of the entire system 
displays a special periodical characteristic, it is 
possible to design a configuration in which a processing 
logical device is selected in accordance with a 
predetermined time schedule. 

Fig. 13 is a block diagram showing another 
embodiment of the present invention. To put it in detail, 
Fig. 13 shows a second storage control apparatus 4 
connected to a port of a fiber channel device connectors 90 
used for connecting a disc drive serving as the first 
storage control apparatus 2. In this case, in the device- 
information table stored in the shared memory 9 employed in 
the first storage control apparatus 2, it is necessary to 
include information, which indicates which node (or port) 
of the fiber channel device connectors 90 is used for 
connecting the second storage control apparatus 4. 

Fig. 14 is a diagram showing a typical a device - 
information table that includes a node name 104 indicating 
a node used for connecting the first storage control 
apparatus 2 as shown in Fig. 13. 

The embodiment shown in Fig. 13 is explained in more 
detail below. In addition to the target -command-processing 
unit 6, another target command-processing unit 70 is 



employed in the configuration of the first storage control 
apparatus 2. A connector 90a of the fiber channel device 
connectors 90 is connected to the initiator I/O-processing 
unit 7. The first storage device 3 is connected to a 
connector 9 0b and the second storage control apparatus 4 is 
connected to another connector 90c. In such a 
configuration, through the initiator I/O-processing unit 7 , 
the first storage control apparatus 2 is capable of 
controlling the second storage device 5a and the third 
storage device 5b, which are under direct control of the 
second storage control apparatus 4 . 

In the device- information table shown in Fig. 14, an 
initiator control unit number 103 is a number identifying 
an initiator I/O-processing unit. Since the second storage 
control apparatus 4 is also connected to the initiator I/O- 
processing unit 7 in the configuration shown in Fig. 13, 
the initiator- control -unit number 103 for the second 
storage control apparatus 4 is set at the same value as the 
initiator-control-unit number 103 for the first storage 
control apparatus 2 even though the second storage control 
apparatus 4 is accommodated in a case other than the case 
for accommodating the first storage control apparatus 2. 

Fig. 15 is a block diagram showing another 
embodiment of the present invention. To put it in detail, 
Fig. 15 shows a configuration in which a plurality of 
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storage control apparatus are connected to each other 
through initiator 1/O-processing units. In the 
configuration, a logical device 19z and a logical device 18 
form a pair of logical devices. The logical device 19z has 
its data stored in a second storage device 5z, which is 
controlled by a fourth storage control apparatus 4z. The 
fourth storage control apparatus 4z can be accessed by the 
host apparatus 1 through a plurality of storage control 
apparatus, namely, the first storage control apparatus 2, a 
second storage control apparatus 4x and a third storage 
control apparatus 4y, which each include a control means 
and device information provided by the present invention. 
On the other hand, the logical device 18 has its data 
stored in the first storage device 3, which is directly 
controlled by the first storage control apparatus 2. When 
the host apparatus 1 issues a request for an access to the 
logical device 19z in such a configuration, the logical 
device 19z is confirmed by using control -apparatus 
information, device information and I/O information, which 
are stored in the shared memories of the first storage 
control apparatus 2, 4z and 4y. Processing for the request 
for an access can then be carried out on the fourth storage 
control apparatus 4z accommodated in another case. 

The present invention provides a configuration in 
which the second storage control apparatus 4 is connected 
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to the initiator I/O-processing unit 8 employed in the 
first storage control apparatus 2 accommodated in a case 
other than the case accommodating the second storage 
control apparatus 4 as shown in Fig. 1. In other words, 
the second storage control apparatus 4 accommodated in the 
other case is connected to a connection outlet of the first 
storage control apparatus 2 in an attempt to control the 
second storage control apparatus 4 from the first storage 
control apparatus 2 . 

In the case of a disc-array apparatus like one 
provided by the present invention, a disc adaptor is 
connected to a plurality of disc drives through fiber 
channel device connectors. Thus, the fiber channel device 
connectors serve as mounting/ dismounting means, which are 
not used up unless all disc drives are connected. By using 
the mounting/ dismounting means of disc drives to connect 
the second storage control apparatus 4 provided by the 
present invention, the number of outlets for connection 
between the first storage control apparatus 2 and the host 
apparatus 1 is not limited. 

In place of a storage device connected to the first 
storage control apparatus 2, the second storage control 
apparatus 4 is connected so that a logical device visible 
on the second storage control apparatus 4 can be controlled 
as the storage device connected to the first storage 
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control apparatus 2 . 

The above description has explained details of the 
present invention wherein only one second storage control 
apparatus 4 is connected to a disc connection port of the 
first storage control apparatus 2 as shown in Fig. 1. 
However, it is possible to design a configuration in which 
the first storage control apparatus 2 controls storage 
control apparatus, the number of which is determined in 
accordance with a policy set by the user from time to time. 

In addition, another storage control apparatus can 
be connected to the disc connection port of the second 
storage control apparatus as shown in Fig. 15 to execute 
control hierarchically. 

It is to be noted that, in the present invention, a 
member explained as the target command-processing unit has 
a function of a channel adapter of a storage control 
apparatus so that the target command-processing unit is 
capable of processing a command received from a host 
apparatus. On the other hand, the initiator I/O-processing 
unit has the function of a disc adapter of a storage 
control apparatus so that the initiator I/O-processing unit 
is capable of controlling an operation to write data, which 
is destined for a storage device, into the cache memory. 

In accordance with the present invention, a logical 
volume (device) subordinate to the second storage control 



53 



apparatus can be managed in an integrated manner by the 
first storage control apparatus. In this case, by 
utilizing the second storage control apparatus' port for 
connecting a storage device, the first storage control 
apparatus' port connected to a host apparatus is no longer 
used as an interface with a remote-copy pair, and the 
number of connectable host apparatus does not decrease. 

In addition, without regard to differences in data- 
discrepancy management technique between primary and 
auxiliary control apparatus for a pair of logical devices 
accommodated in physically different cases and without 
regard to whether or not such data discrepancy exists, such 
a pair can be created and the length of the resync time of 
the pair can be reduced. 

Furthermore, since information on differences in 
data between the primary and auxiliary logical devices is 
stored in the primary- side storage control apparatus, a 
read instruction received from a host apparatus can be 
executed on a selected one of the primary or auxiliary 
logical devices so as to make distribution of processing 
loads among the primary or auxiliary logical devices more 
balanced. 

Preferred embodiments of the present invention have 
been described in details, but the embodiments should be 
interpreted as typical implementations of the present 
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invention rather than limitations imposed on the present 
invention. That is to say, a variety of changes, 
replacements and modifications can be made to the 
embodiments without departing from the spirit and scope 
the present invention, which are only defined by claims 
appended as follows: 



